To compare the clinicopathologic characteristics and outcomes after resection of patients with hepatocellular carcinoma (HCC) treated in the United States, France, and Japan. Summary Background Data: Some epidemiologic data suggests that HCC in different regions of the world may represent different forms of the disease. Methods: We compared the patient and tumor characteristics, underlying liver damage, and surgical outcomes of 586 patients who underwent resection of HCC from a multi-institutional database. Results: A total of 169 patients were treated in the United States, 187 in France, and 230 in Japan. The median tumor size for patients treated in the United States was 8 cm, compared with 6 cm and 3.5 cm in France and Japan, respectively (P Ͻ 0.001); 20%, 38%, and 74% of patients in the United States, France, and Japan, respectively, had positive hepatitis C serology (P Ͻ 0.001). In addition, 65% of patients in Japan had severe fibrosis/cirrhosis in the adjacent liver compared with 52% and 23% of patients in France and the United States, respectively (P Ͻ 0.001). There was no association between site of treatment and 30-day (P ϭ 0.4) or 1-year mortality (P ϭ 0.3). The 5-year survival of patients treated in United States, France, and Japan was not statistically different (31% vs. 31% vs. 41%, respectively; P ϭ 0.3).
H epatocellular carcinoma (HCC) is the fifth most common malignancy in men and the ninth most common malignancy in women, accounting for 500,000 to 1 million cancer cases annually worldwide. 1, 2 There is marked geographic variation in the incidence of HCC, which ranges from 2.8 new cases per 100,000 persons per year in the United States to more than 30 new cases per 100,000 persons per year in Hong Kong and Japan. 3, 4 Although hepatitis B virus (HBV) infection is the leading cause of HCC worldwide, recent studies suggest that chronic infection with hepatitis C virus (HCV) and alcohol abuse are becoming increasingly important etiologic factors, particularly at western centers. [5] [6] [7] Because of geographic variations in incidence and etiology, several authors have suggested that HCC in different regions of the world may represent different forms of the disease. 8 -10 However, it is not clear whether the reported geographic differences in tumor characteristics and outcome are due to different types of HCC or, rather, differences in etiology, presentation, or underlying liver damage. In this study, we compared the clinicopathologic characteristics and outcomes after resection in patients with HCC treated at centers in the United States, France, and Japan.
METHODS

Patients and Clinicopathologic Variables
We identified and reviewed the records of 591 patients who underwent attempted curative resection for HCC be-tween 1980 and 1998 at 4 major hepatobiliary centers: University of Texas M.D. Anderson Cancer Center (Houston, TX), Mayo Clinic (Rochester, MN), Hôpital Beaujon (Paris, France), and Kyoto University Graduate School of Medicine (Kyoto, Japan). Clinical data were reviewed on site by 2 of the investigators (J.-N.V. and D.M.N.). Because we were also interested in comparing outcomes across countries, 5 patients with incomplete survival data were excluded, leaving 586 patients in the final study cohort.
Serologic presence of any hepatitis B antigen or antibody was considered as positive evidence of hepatitis B serology. Serologic presence of hepatitis C antibody was considered as positive evidence of hepatitis C serology. The type of hepatic resection performed was classified according to the scheme recently proposed by the terminology committee of the International Hepato-Pancreato-Biliary Association. 11, 12 Partial hepatectomy was defined as wedge resection or segmentectomy, hemihepatectomy was defined as contiguous resection of segments 2 through 4 or segments 5 through 8, and extended hemihepatectomy was defined as hemihepatectomy with resection of additional contralateral lobe segments (ie, "trisegmentectomy").
The pathologic resection specimens from all patients were reviewed on site by 1 of the investigators (G.Y.L.). At all 4 centers, hematoxylin-eosin was the stain of choice. A total of 2286 sections of HCC were available. One to 21 sections per tumor were reviewed (mean, 4.3 sections per tumor). Tumor size was defined as the largest diameter of the tumor specimen. Microscopic vascular invasion was defined as the presence of tumor emboli within the central vein, the portal vein, or large capsular vessels. Minor vascular invasion was defined as either gross or microscopic involvement of the lobar or segmental branches of the portal vein or the hepatic veins. For the purposes of our analysis, minor vascular invasion and microscopic vascular invasion were grouped as 1 category called "microvascular invasion." Major vascular invasion was defined as gross invasion of the right or left main branches of the portal vein or the hepatic veins. 13 Tumor grade was assessed using the scheme outlined by Edmondson and Steiner 14 and was based on the area showing the highest grade. The degree of fibrosis of the surrounding liver parenchyma was graded according to the classification of Ishak et al. 15 Grading of fibrosis was performed using trichrome-stained slides, available in most cases, and using sections distant from the tumor to avoid secondary changes due to mass effect.
Statistical Analysis
Age, ␣-fetoprotein level, and tumor size were treated as both continuous and dichotomous variables, using their respective medians as the breakpoints for the statistical analyses. Because of sample-size limitations, patients with poorly differentiated and undifferentiated tumors were combined into a single group. Survival was measured from the time of resection until death or last follow-up. Survival curves were constructed using the Kaplan-Meier product limit method and compared using log-rank tests. 16, 17 To control for potential confounding due to differences in clinicopathologic variables among centers, patients were also stratified according to the new American Joint Committee on Cancer (AJCC)/International Union Against Cancer (UICC) primary tumor (T) classification system (Table 1 ). 18 Statistical significance was defined as a P value of Յ 0.05. The SPSS 10.0 software package (SPSS Inc., Chicago, IL) was used for the statistical analyses.
RESULTS
Patient and Tumor Characteristics
The demographic and clinicopathologic characteristics of the 586 patients in the study cohort are shown in Table 2 . A total of 169 patients were treated in the United States, 187 patients were treated in France, and 230 patients were treated in Japan. The median age of patients treated in France and Japan was slightly younger than that of patients treated in the United States (P Ͻ 0.001). Fewer than half of the patients treated in the United States were male, while more than 3 quarters of those treated in France and Japan were male (P Ͻ 0.001).
The median tumor size for patients treated in the United States was 8 cm, compared with 6 cm for patients treated in France and 3.5 cm for patients treated in Japan (P Ͻ 0.001). However, there was no difference in tumor size between countries when patients were stratified according to HCV status or presence of severe fibrosis or cirrhosis in the adjacent liver.
There was a direct relationship between increasing tumor size and likelihood of microvascular invasion. Thirtyseven percent of patients with tumors measuring 5 cm or less had evidence of microvascular invasion, compared with 61% of patients with tumors Ͼ5 cm (P Ͻ 0.001). Only 39% of patients treated in Japan had tumors with microvascular invasion, compared with 53% and 57% of patients treated in the United States and France, respectively (P Ͻ 0.001). However, this difference failed to reach statistical significance when patients were stratified by tumor size.
Despite differences in tumor size, the proportions of patients with multiple or bilobar tumors and major vascular invasion were similar across countries. Histopathologic tumor grade was also similar across countries.
Hepatitis Infection, Hepatitis Grade, and Fibrosis Score
The seroprevalence of HBV and HCV and the extent of inflammatory activity or fibrosis in the adjacent noncancerous liver varied widely between countries ( compared with 42% and 41% of patients treated in France and Japan, respectively (P Ͻ 0.001). HCV serology was available for 293 patients: 51 (30%) of the patients treated in the United States, 128 (68%) of the patients treated in France, and 114 (50%) of the patients treated in Japan. Among these patients, only 20% of those treated in the United States and 38% of those treated in France were seropositive for HCV, compared with 74% of patients treated in Japan (P Ͻ 0.001). In addition, fewer than one fourth of patients treated in the United States had severe fibrosis or cirrhosis, compared with more than half of patients treated in France and Japan (P Ͻ 0.001). The majority of patients with severe fibrosis or cirrhosis in the study cohort were classified as Child class A, while the remainder were classified as Child class B. The Child class distribution did not vary significantly between countries.
Surgical Outcomes and Predictors of Long-Term Survival
The types of hepatic resections performed reflected the relative rates of underlying liver disease and cirrhosis in the different countries (Table 4 ). Sixty-six percent of patients treated in France and 55% of those treated in Japan underwent partial hepatectomy, compared with 43% of patients treated in the United States. In contrast, 15% of patients treated in the United States underwent extended hemihepatectomy, compared with fewer than 10% of patients treated in France and Japan (P Ͻ 0.001). When controlling for severe fibrosis or cirrhosis in the noncancerous liver, however, the proportion of patients treated with partial hepatectomy, hemihepatectomy, or extended hemihepatectomy did not vary significantly between countries. The perioperative (within 30 Tumor(s) with direct invasion of adjacent organs other than the gallbladder or with perforation of visceral peritoneum Regional lymph nodes (N) NX Regional lymph nodes cannot be assessed N0
No regional lymph node metastasis N1
Regional days after resection) and early (within 1 year after resection) mortality rates did not differ significantly between countries (P ϭ 0.4 and P ϭ 0.3, respectively). The median follow-up time for all patients was 33 months (range, 1-209 months). The median follow-up time for patients still alive was 66 months, compared with 22 months for patients who had died. The majority of patients in the series (410; 70%) were dead by the end of the follow-up period. The median survival time in our study cohort was 45 months, and the 5-and 10-year survival rates were 36% Ϯ 2% and 14% Ϯ 2%, respectively. The 5-year survival rates for patients treated in the United States, France, and Japan were not significantly different: 31% Ϯ 4%, 31% Ϯ 4%, and 41% Ϯ 3%, respectively (P ϭ 0.3; Fig. 1 ).
When patients were stratified according to the new AJCC/UICC primary tumor classification system (Table 1) , survival did not differ by country in patients with T1 or T2 tumors (Fig. 2) . In contrast, among patients with T3 tumors [ie, multiple tumors, any larger than 5 cm, or tumor(s) involving a major branch of the portal vein or the hepatic veins], the 5-year survival rates for patients treated in the United States, France, and Japan were 22% Ϯ 6%, 15% Ϯ 6%, and 9% Ϯ 4%, respectively (P ϭ 0.04, Fig. 3a ). However, there was no difference in survival across countries when patients with T3 tumors were stratified according to the presence of severe fibrosis or cirrhosis in the noncancerous liver (Figs. 3b, c) . Because only 12 patients in our cohort had T4 tumors, the effect of country of treatment on outcome within this subgroup could not be analyzed.
DISCUSSION
Previous studies from North America, Europe, and Asia have analyzed outcomes and predictors of survival after resection in patients with HCC. 8,19 -23 Because of geographic differences in clinicopathologic tumor characteristics and the prevalence of underlying liver disease, these studies have resulted in several different classification systems for HCC, including the Barcelona Clinic Liver Cancer staging classification, 24 the Cancer of the Liver Italian Program score, 25 the Okuda staging system, 26 and the Classification of Primary Liver Cancer of the Liver Cancer Study Group of Japan. 10 Recently, our group performed a multivariate analysis and identified common predictors of outcome after resection of HCC. 27 The independent predictors of death (tumor size Ͼ5 cm, multiple (ie, Ն 2) tumors, presence of microvascular invasion, presence of major vascular invasion, and severe fibrosis or cirrhosis in the noncancerous liver) were combined to create a simplified staging system, which has since been adopted as the new tumor-node-metastasis staging system of the AJCC/UICC (Table 1) .
To our knowledge, the current study represents the first effort to compare outcomes after resection of HCC between western and eastern countries using uniform clinical and pathologic criteria for both tumor factors (eg, microvascular invasion, major vascular invasion, and histopathologic grade) and liver-disease factors (ie, hepatitis activity and fibrosis score). Our results suggest that there are important differences in etiology, clinicopathologic factors, and prevalence of underlying liver damage among patients treated in the United States, France, and Japan. Despite these marked differences, however, perioperative and long-term outcomes were similar between countries overall and for subgroups of patients when patients were stratified according to the new AJCC/UICC primary tumor classification system, which controls for several known predictors of survival.
There was a marked difference in the gender distribution of patients treated in the various countries. Fewer than 50% of the patients treated in the United States were male, compared with more than three fourths of the patients treated in France and Japan. Other investigators have previously noted an association between male gender and severe fibrosis 29 Although the relationship between male gender and HCC has been largely attributed to the higher frequency of viral hepatitis and alcoholic cirrhosis among men, some increased risk persists even after controlling for these confounders, suggesting that other reasons for this association may exist. 3 We also found a highly significant difference in tumor size at presentation among patients treated in the United States, France, and Japan. In addition, there was an inverse relationship between the prevalence of HBV and HCV infection and tumor size in the 3 countries, suggesting that the observed differences in tumor size may have resulted from periodic radiologic screening of chronically infected patients and lead-time bias.
Patients treated in Japan had the smallest median tumor size and the lowest rates of microvascular invasion. Tsai et al recently noted an association between tumor size and increasing rates of both microscopic and macroscopic vascular invasion. 30 A recent report analyzing the predictors of microvascular invasion in patients with HCC who were candidates for orthotopic liver transplantation showed a similar association: approximately 25% of the patients with tumors smaller than 2 cm had microvascular invasion, compared with 31% of patients with tumors between 2 and 4 cm, and 50% of patients with tumors larger than 4 cm. 31 Several recent articles have emphasized the need for systematic review of microvascular invasion in resected specimens, 30, 32 and its presence is used to stratify patients with single tumors in the new AJCC/UICC T classification scheme (Table 1) . Unlike microvascular invasion, which cannot be detected prior to resection or transplantation, invasion of the major branches of the portal vein or the hepatic veins can be detected by imaging in 81% to 95% of cases. [33] [34] [35] Not surprisingly, the rate of major vascular invasion in our series was similar across the 3 countries.
More than 40% of the patients treated in France and Japan had evidence of HBV infection, compared with only 17% of the patients treated in the United States. In addition, 38% of the patients treated in France and 74% of the patients treated in Japan had evidence of HCV infection, compared with less than 20% of the patients treated in the United States. As a result, a higher proportion of patients treated in France and Japan had moderate to severe necroinflammatory activity and fibrosis in the adjacent, noncancerous liver. The types of hepatic resections performed reflected the relative rates of liver damage in the different countries: partial hepatectomies were more common in France and Japan, while fewer than 10% of the patients treated in France and Japan underwent extended resections. Despite these differences, however, the perioperative outcomes in the 3 countries were similar, likely due to modifications in patient selection, surgical technique, and perioperative care at the various centers.
Although the impact of seropositivity for HBV or HCV on survival following resection of HCC remains controversial, 36 -39 several studies have documented an association between cirrhosis and tumor recurrence that is presumably due to continued carcinogenesis in the affected liver remnant. 19,40 -42 Kosuge et al reported an unfavorable effect of liver disease, particularly cirrhosis, on disease-free survival that became more pronounced over time. 19 In another analysis of 159 patients who survived 5 or more years after resection of HCC, the presence of moderate to severe fibrosis 
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Annals of Surgery • Volume 238, Number 5, November 2003 or cirrhosis was the most important predictor of death, 42 overshadowing all other tumor or liver factors. Our group recently analyzed the impact of fibrosis score on survival after resection of HCC. Five-year survival rates were significantly higher for patients without than for patients with severe fibrosis or cirrhosis among patients with T1 tumors (64% vs., 49%, P ϭ 0.01), T2 tumors (46% vs. 30%, P ϭ 0.01), and T3 tumors (17% vs. 9%, P ϭ 0.005). 27 Like microvascular invasion, the presence of severe fibrosis or cirrhosis in the adjacent liver has been incorporated into the new AJCC/UICC T classification scheme for HCC ( Table 1) . Use of the fibrosis scores defined by Ishak et al 15 is recommended, and disease is classified as being associated with none to moderate fibrosis (F0) or with severe fibrosis or cirrhosis (F1). According to this scheme, fibrosis score can thus be used to further stratify patients once they have been categorized by tumor number and degree of vascular invasion. The current study is based on a detailed pathologic review of resected specimens at several hepatobiliary centers worldwide and encompasses the broad spectrum of tumor and Annals of Surgery • Volume 238, Number 5, November 2003 Resection of HCC in United States, France, Japan liver-disease factors associated with prognosis in HCC. Of particular importance is the systematic pathologic evaluation of microscopic vascular invasion and fibrosis in the underlying liver, both of which have been shown to be independent predictors of death following resection of HCC. 27 Microscopic and minor vascular invasion can be easily assessed by examination of hematoxylin-eosin-stained sections, while liver fibrosis can be assessed using trichrome-stained slides and a previously validated fibrosis staging system. 15 In conclusion, this study showed that differences in HCV positivity and liver damage in the United States, France, and Japan resulted in marked differences in tumor size and rates of microvascular invasion at presentation. These factors have been shown to be independent predictors of survival and, when combined with the degree of fibrosis or cirrhosis in the underlying liver, help determine long-term survival after resection of HCC. Future studies should account for these clinicopathologic and liver-disease factors using uniform criteria to allow more meaningful interpretation and comparison of results.
